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ABSTRACT
We derive fully covariant expressions for all two-point scattering amplitudes involving
closed string tachyon and massless strings from Dirichlet brane in type 0 theories. The
amplitude for two massless D-brane fluctuations to produce closed string tachyon is also
evaluated. We then examine in detail these string scattering amplitudes in order to extract
world-volume couplings of the tachyon with itself and with massless fields on a D-brane.
We find that the tachyon appears as an overall coupling function in the Born-Infeld action
and conjecture form of the function.
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1 Introduction
Recent years have seem dramatic progress in the understanding of non-perturbative aspects
of string theory[1]. With these studies has come the realization that extended objects, other
than just strings, play an essential role. An important tool in these investigations has been
Dirichlet brane[2]. D-branes are non-perturbative states on which open string can live, and
to which various closed string states can couple.
In perturbative type II superstring theories, scattering amplitudes describing the in-
teraction of two massless closed string states with unexcited D-branes, and one massless
closed string with two open strings were studied extensively in [3, 4] and [5, 6], respec-
tively. Perturbative spectrum of bosonic type 0 theories have the same massless states as
the bosonic part of type II, but with the doubled set of Ramond-Ramond(RR) states1[7].
Hence the elementary D-branes of the theory carry simultaneously two RR charges[8, 9].
One can use the same techniques as in type II theories to evaluate various string scattering
with the D-branes in type 0 theories. Most of these amplitudes are already presented in
above citations. At the massless level, scattering amplitude describing interaction of D-
brane with two different RR states is the only amplitude that should be evaluated. The
bosonic type 0 theories have closed string tachyon(τ) in their spectrum as well[7]. There-
fore, scattering amplitudes involving this tachyon can not be address from previous work
on type II theories either. The present paper provide calculations on these amplitudes.
The paper is organized as follows. In the following section we describe the calculations of
the scattering of two closed string tachyon, one tachyon and one closed string massless state,
and two different massless RR states from D-brane using conformal field theory techniques.
The open string poles of these amplitudes are consistent with the GSO projection of the
open strings attached to the the D-branes [10, 9]. In section 3 we evaluate the scattering
amplitude of one closed string tachyon and two open string states. Then, in section 4 we
examine in detail these string amplitudes in order to find the world-volume coupling of
tachyon to itself and to the massless fields on the D-branes. We find that the tachyon
does not have world-volume coupling to RR fields. However, the couplings of tachyon
to other massless fields and to itself are consistent with an extension of the Born-Infeld
action. In particular, the tachyon appears as an overall coupling function in the Born-Infeld
action. We provide more evidence in support of this action by studying some simple string
amplitudes using the conformal field theory with background fields. We conclude with a
brief discussion of our results in section 5.
1Sectors of type 0 theories are
type 0A : (NS
−
, NS
−
)⊕ (NS+, NS+)⊕ (R+, R−)⊕ (R−, R+)
type 0B : (NS
−
, NS
−
)⊕ (NS+, NS+)⊕ (R+, R+)⊕ (R−, R−)
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Before continuing with our calculations, let us make a comment on conventions. In
the scattering amplitudes below, we will set ℓ2s = α
′ = 2. Our index conventions are that
lowercase Greek indices label vector in the entire ten-dimensional spacetime, e.g., µ, ν =
0, 1, . . . , 9; early Latin indices label vector in the world-volume, e.g., a, b, c = 0, 1, . . . , p;
middle Latin indices label vector in the transverse space, e.g., i, j = p+1, . . . , 8, 9; early cap-
ital Latin indices label spinor in the ten-dimensional spacetime, e.g ., A, B, C = 1, 2, · · ·32;
and middle capital Latin indices label vector in U(N) gauge space, e.g ., I, J = 1, 2, · · · , N2.
2 Two-point amplitudes
Scattering amplitudes describing interaction of strings with a fixed D-brane at tree level are
calculated as the string vertex operator insertions on a disk (world-sheet) with Dirichlet and
Neumann boundary conditions. In conformal field theory frame, effect of these boundary
conditions appears in the world-sheet propagators. Alternatively, one may use a doubling
trick to convert the propagator to the standard form of open string propagator and shift
the effect to the momentum and polarization of vertex operators[4]. Hence, in order to find
scattering amplitude of strings with D-brane, one may replace these modified momenta and
polarizations into the appropriate known scattering amplitudes of open strings[4, 5]. In
[4, 5], using this idea, the authors were able to find various massless superstring scattering
with D-brane in type II theory by relating them to the known amplitudes of type I theory.
However, type I theory does not have open string tachyon, so the scattering amplitudes
describing interaction of the closed string tachyon with D-branes in type 0 are not related
to amplitudes in type I theory.
In all the string scattering amplitudes appearing in this paper, we use the doubling
trick and then explicitly evaluate correlation functions and take the integrals appearing in
the amplitudes.
2.1 Tachyon and Tachyon amplitude
We begin by calculating the amplitude describing the scattering of two closed string tachyon
from a D-brane. It is given by the following correlation function:
Aτ,τ ∼
∫
d2z1d
2z2 < V
τ (p1, z1, z¯1) V
τ (p2, z2, z¯2) > (1)
where the tachyon vertex operators are
V τ (p1, z1, z¯1) = : V0(p1, z1) :: V0(p1 ·D, z¯1) : (2)
V τ (p2, z2, z¯2) = : V−1(p2, z2) :: V−1(p2 ·D, z¯2) :
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where p2i = 1 and D
µ
ν is a diagonal matrix with values +1 on the world-volume and -
1 in the transverse space [4]. In the vertex operators, subscripts 0 and -1 refer to their
superghost charges which must be added to -2 for the disk world-sheet. Here we have
also used the doubling trick to write the closed string vertex operator in terms of only
holomorphic components. The holomorphic components V0 and V−1 are given by
V0(p, z) = ip·ψ(z) eip·X(z) V−1(p, z) = e−φ(z)eip·X(z)
Using the standard world-sheet propagators of type I theory, one can evaluate the correla-
tions in (1) and show that the integrand is SL(2,R) invariant. We refer the reader to ref. [4]
for the details of fixing this symmetry and performing the integrals, and simply state the
final result
A(τ, τ) = −iκ
2Tp
2
Γ(−t/2)Γ(−2s)
Γ(−1− t/2− 2s) (3)
where t = −(p1 + p2)2 = −2 − 2p1 ·p2 is the momentum transfer to the D-brane and
s = −(p1apa1) = −(p2apa2) is the momentum flowing parallel to the world-volume of the
brane. We also normalized (3) and subsequent amplitudes in this section by −iκ2Tp/2, the
same factor as for the massless closed string scattering amplitudes2 [4].
From the gamma function factors in (3), we see that the amplitude contain two infinite
series poles corresponding to closed and open string states in t-channel and s-channel,
respectively, with
m2closed = 4n/α
′ , m2open = m/α
′
where n,m = 0, 1, 2, · · ·. The closed string states in the t-channel belong only to the
(NS+, NS+) sector of the theory. Here one concludes that either the coupling of the
(NS−, NS−) states to the D-branes or to the two tachyons in the bulk is zero. From the
amplitudes in sections 2.2 and 2.4, one finds that the (NS−, NS−) stat es do couple with
the D-branes. Hence one concludes that the coupling of two tachyons and the (NS−, NS−)
states is zero, e.g., coupling of three tachyons is zero in the bulk space [9]. The open strings
in the s-channel are in the NS+ sector. This is consistent with the GSO projection for the
open string states on the D-brane [9]. However this amplitude does not rule out the NS−
sector, because the coupling of closed string tachyon and NS− states is zero, e.g., because
of the world-sheet fermions in the vertex operator of open string tachyon, the world-volume
coupling of open and closed tachyon is zero.
2.2 Tachyon and NS-NS amplitudes
Next, we evaluate the amplitudes describing the scattering of one tachyon and one mass-
less NS-NS(graviton, dilaton or Kalb-Ramond(antisymmetric tensor)) states from the D-
2Note that there is a change in conventions between [4] and the present paper: (Tp)there = (κTp)here.
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branes. The amplitude is given by
Aτ,NSNS ∼
∫
d2z1d
2z2 < V
τ (p1, z1, z¯1)V
NSNS(ε2, p2, z2, z¯2) >
where the tachyon vertex operator is given in (2) and the NS-NS vertex operator is
V NSNS(ε2, p2, z2, z¯2) = (ε2 ·D)µν : V µ−1(p2, z2) :: V ν−1(p2 ·D, z¯2) :
where p22 = 0. Here ε
µν
2 is the polarization of NS-NS states which is traceless and symmetric
(antisymmetric) for graviton(Kalb-Ramond) and
εµν2 =
1√
8
(ηµν − ℓµpν2 − ℓνpµ2 ) ; ℓ·p2 = 1 (4)
for dilaton. Again, we refer the reader to refs. [3, 4, 6] for the details of the calculations.
The final result in this case is
A = −iκ
2Tp
2
(
Tr(ε2 ·D)Γ(−t/2 + 1/2)Γ(−2s)
Γ(−1/2− t/2− 2s) (5)
+p1 ·ε2 ·p1Γ(−1/2− t/2)Γ(−2s)
Γ(−1/2− t/2− 2s) − p1 ·D·ε2·D·p1
Γ(−t/2 + 1/2)Γ(−2s)
Γ(1/2− t/2− 2s)
)
where t = −(p1+p2)2 = −1−2p1·p2. As a check of our calculations, we inserted the dilaton
polarization (4) into (5) and found that, as expected, the auxiliary vector ℓµ disappears
from the amplitude.
The t- and s-channel poles of the amplitude indicates that the mass of the closed and
open string in these channels are
m2closed = (4n− 2)/α′ , m2open = m/α′ .
The closed strings in t-channel belong to the (NS−, NS−) sector. This indicates that closed
string state in this sector couple to the D-branes, e.g., the closed string tachyon couple
to the branes [9]. The poles of t-channel also indicate tha t the coupling of one tachyon,
one massless NS-NS state and any of the (NS+, NS+) states is zero in the bulk, e.g., the
coupling of two massless NS-NS and one tachyon is zero in the bulk space [9]. Again the
open strings in the s-channel is con sistent with the GSO projection.
2.3 Tachyon and RR amplitude
Type 0 theories have two set of RR states, each made of direct product of two open string
state in R sector. At the massless level, they are
type 0A : (8− ⊗ 8+)⊕ (8+ ⊗ 8−) = (81 + 563) + (81 + 563)
type 0B : (8− ⊗ 8−)⊕ (8+ ⊗ 8+) = (10 + 282 + 35(+)4 ) + (10 + 282 + 35(−)4 )
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where symbols indicate the irreducible representations and the subscripts 0,1,2,3 and 4
indicate a scalar, vector, antisymmetric 2-, 3- and 4-tensor, respectively. Here, the subscript
(+)((−)) means that for this tensor the field strength satisfies a self(anti-self)-duality
condition. The vertex operator corresponding to each of these states is also tensor product
of two open string vertex operators with an appropriate polarization tensor. Scattering
amplitude of one of these states, the tachyon and D-brane is given by
Aτ,RR ∼
∫
d2z1d
2z2 < V
τ (p1, z1, z¯1)V
RR(ε2, p2, z2, z¯2) > (6)
where the RR and tachyon vertex operators are
V RR(ε2, p2, z2, z¯2) = (P∓Γ2(n)Mp)
AB : V−1/2A(p2, z2) :: V−1/2B(p2 ·D, z¯2) : (7)
V τ (p1, z1) = : V0(p1, z1) :: V−1(p1 ·D, z¯1) : .
The two different chiral projection operators, P∓, refers to the two different set of RR
states (c and c¯). Here we have chosen the holomorphic and anti-holomorphic parts of
the tachyon vertex operator in two different picture in order for saturating the superghost
charge of the world-sheet. We refer the reader to ref. [4] for our conventions. In evaluating
the correlators in (6), one needs the correlation of two right-handed or left-handed spin
operators and one world-sheet fermion that is given by(see, e.g., [11])
<: SA(z1) :: SB(z2) :: ψ
µ :> = 2−1/2(γµ)ABz
−3/4
12 (z13z23)
−1/2 .
Other correlators in (6) can easily be evaluated. The final result is
A(τ, c) =
κ2Tp
2
√
2
Tr(P−Γ2(n)Mpγ ·p1)
Γ(−t/2)Γ(−2s)
Γ(−t/2− 2s)
and an identical amplitude for A(τ, c¯). Poles of this amplitude are at
m2closed = 4n/α
′ , m2open = m/α
′
The t-channel poles indicate that there is no coupling between one tachyon, one massless
RR and one of the (NS−, NS−) states, e.g., there is no coupling between two tachyons
and one massless RR field in the bulk space. Moreover, the massless pole in this channel
is consistent with having the coupling τcc¯ in the bulk[9]. The massless pole in s-channel
means that the tachyon couple to the open string scalar fields on the world-volume of the
D-brane.
2.4 RR and RR amplitude
The amplitudes describing the scattering of two c’s or two c¯’s with D-brane is exactly
the same as the corresponding amplitudes in type II theories[4]. Whereas, the scattering
amplitudes for c, c¯ and D-brane is different and given by
Ac,c¯ ∼
∫
d2z1d
2z2 < V
c(ε1, p1, z1, z¯1)V
c¯(ε2, p2, z2, z¯2) > (8)
5
where the vertex operators are given in (7). In this case, in order to calculate the amplitude
(8), one needs the correlation function between two right-handed and two left-handed spin
operators which is given by (see, e.g., [11])
< SA(z1)SB(z2)SC˙(z3)SD˙(z4) > =
1
2
(γµ)AB(γ
µ)C˙D˙(z13z14z23z24)
−1/4(z12z34)
−3/4
+CAC˙CBD˙(z12z34)
1/4(z14z23)
−1/4(z13z24)
−5/4
−CAD˙CBC˙(z12z34)1/4(z13z24)−1/4(z14z23)−5/4
where C is the charge conjugation matrix (see, e.g., [4]). Using this correlator and per-
forming the others, one arrives at the following final result:
A(c, c¯) = −iκ
2Tp
2
(
1
2
Tr(P−Γ1(n)Mpγ
µ)Tr(P+Γ2(m)Mpγµ)
Γ(−t/2 + 1/2)Γ(−2s)
Γ(1/2− t/2− 2s)
−Tr(P−Γ1(n)C−1ΓT2(m)C)
Γ(−t/2− 1/2)Γ(−2s+ 1)
Γ(1/2− t/2− 2s)
−Tr(p−Γ1(n)MpΓ2(m)Mp)
Γ(−t/2 + 1/2)Γ(−2s+ 1)
Γ(3/2− t/2− 2s)
)
(9)
where t = −(p1 + p2)2 = −2p1 ·p2. This amplitude has the pole structure
m2closed = (4n− 2)/α′ , m2open = m/α′
The closed string channel indicates that there is a coupling between c, c¯ and (NS−, NS−)
states, e.g., the τcc¯ coupling in the bulk is non-zero. It also tell us that the coupling of c,
c¯ and (NS+, NS+) is zero, e.g., there is no coupling between c, c¯ and the massless NS-NS
states in the bulk.
The amplitude (9) is consistent with the GSO projection of the open strings, i.e., it has
no pole corresponding to on-shell propagation of NS− strings. Alternatively, the amplitude
(9) indicates that there is no coupling between massless RR and NS− strings on the D-
brane world-volume. For example, consider the coupling of the open string tachyon (a
state belonging to the NS− sector) to the RR state on the world-volume of the D-brane.
The coupling is given by
At,RR ∼
∫
dxd2z < V t(2k, x)V RR(ε, p, z, z¯) >
where the open string tachyon vertex operator V t(2k, x) = V−1(2k, x) and the RR vertex
operator is given in (7). Performing the correlators in above amplitude, one finds
A(t, c) ∼ Fa0···ap(ǫv)a0···ap
and similar result for A(t, c¯) which are zero, because there is no p-form RR potential in
the type 0 theory.
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3 Closed-Open-Open amplitudes
Scattering amplitudes with two massless open strings and one closed string can be read from
the corresponding amplitudes in type II theories[5]. The amplitudes describing interaction
of one closed string tachyon and two massless open strings is given by
ANS,NS,τ ∼
∫
dx1dx2d
2zTr < V NS(ζ1, k1, x1)V
NS(ζ2, k2, x2)V
τ (p3, z3) >
where the open string vertex operators are
V NS(ζi, ki, xi) = ζiµ : V
µ
−1(2ki, xi) : Ti
for i = 1, 2 and the tachyon vertex operator is given by (2). Here we have defined
ζiIT
I ≡ ζiTi where T ’s are the N × N generators of the U(N) gauge symmetry of the
coincident D-branes. Using appropriate world-sheet propagators from [4], one can evaluate
the correlations above and show that the integrand in SL(2, R) invariant. Gauging this
symmetry by fixing z = i and x2 =∞, one arrives at
A ∼ 2−2s−2
∫
dx1
(
(2s+ 1)ζ1 ·ζ2 − iζ1 ·p3 ζ2 ·D·p3
x1 − i
− iζ1 ·D·p3 ζ2 ·p3
x1 + i
)
(x21 + 1)
sTr[T1T2]
where the integral is taken from −∞ to +∞, and s = −p3apa3 = −(k1 + k2)2 = −2k1 ·k2.
This integral is doable and the result is
A = −iκ
2
(
s
2
ζ1 ·ζ2 + p3 ·ζ1 p3 ·D·ζ2 + 1↔ 2
)
Γ(−2s)
Γ(−s + 1)Γ(−s)Tr[T1T2] (10)
We have also normalized the amplitude at this point by −iκ/2π. Here the D-brane coupling
constant Tp cancels with the normalization of open string states [12]. This amplitude has
the same pole structure as the corresponding amplitude for massless closed string states[5],
i.e., m2open = (2n+ 1)/α
′.
4 World-Volume interactions
To extract appropriate world-volume coupling of open and closed string states from string
theory amplitudes, one should expand the massive poles of string amplitudes and then
write a field theory for massless fields and tachyon, if any, to reproduce those results. In
general, the field theory should contain infinite terms to reproduce effect of the massive
poles of string amplitudes. However, at low energy, one should not consider the terms which
have large number of momentum in the expansion. Using this idea, in [12] we extracted
world-volume interaction of different massless open and closed string states from string
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amplitudes. We then showed that they are consistent with Born-Infeld and Chern-Simons
action provided the closed string states treated as functionals of the nonabelian scalar fields
describing transverse fluctuations of the Dp-brane. In the present case, the world-volume
interaction of massless fields remain unchanged. The only difference is that now we have
two set of RR fields.
Now we do the same calculation to extract world-volume interaction of tachyon and
massless fields. We start with the simple case of two open and one closed string scattering
amplitude. This amplitude (10) has no massless pole, so at low energy it gives only contact
terms, that is,
A(a, a, τ) = −iκ
4
(
f1abf
ab
2 Tr[T1T2] +O(k
4)
)
(11)
A(λ, λ, τ) =
iκ
2
(
(k1aζ1ik
a
2ζ
i
2 + p3iζ
i
1p3jζ
j
2)Tr[T1T2] +O(k
4)
)
(12)
and A(a, λ, τ) is zero. Here we have suggestively introduced fiab = i(kiaζib− kibζia). These
terms are reproduced in field theory by
L = −κ
2
Tr
(
Tpτ(X) +
1
2
(∂λ)2τ(X) +
1
4
(f)2τ(X) + · · ·
)
. (13)
where X i = λi/
√
Tp. Taylor expansion of the first term above reproduces the second term
of (12), the second and last term of (13) reproduces the first term of equations (12) and
(11), respectively. The first term in (13) is consistent with the result basing on the cylinder
amplitude [9].
Now to find non-derivative world-volume interaction of the tachyon to itself and to
other massless closed string fields, we expand their corresponding string amplitudes and
ignore the terms which have two and more momenta, that is,
A(τ, τ) = −iκ2Tp
(
1 + 2s
t
− p1ip
i
2
4s
+
3
4
+O(p2)
)
(14)
A(τ, h) =
iκ2Tp
2
(
2p1 ·ε2 ·p1
t+ 1
+
p1ip
i
2ε
a
2a + 2p1iε
ia
2 p1a
s
− εa2a +O(p2)
)
A(τ, φ) =
iκ2Tp
4
√
2
(
2
t+ 1
+
p1ip
i
2(p− 3)
s
− (p− 3) +O(p2)
)
and A(τ, b) is zero. Similar expansion can be done for A(τ, c) and A(c, c¯). These tachyonic
and massless poles should be reproduced in field theory by suitable world-volume and bulk
actions in Einstein frame metric. The appropriate actions in the world-volume are the
Born-Infeld, the Chern-Simons and eq. (13), and in the bulk is3[9]
S =
∫
d10x
√−g
[
1
2κ2
R− 1
2
(∇φ)2 − 1
2
(∇τ)2 + 1
2
τ 2e
κ√
2
φ − 16
5!
F
(+)
5 F
(−)
5 f(2κτ)
3Note that the fields in this paper have the normalization of the vertex operators[12].
8
− 8
n!
(F(n) ·F(n) + F¯(n) ·F¯(n) + 4κF(n) ·F¯(n)τ)e
κ√
2
(5−n)φ
]
(15)
where the tachyon coupling function is
f(2κτ) = 1 + 2κτ +
1
2
(2κτ)2 + · · · . (16)
We use these actions to reproduce the tachyon and massless poles of the string amplitudes
(14), and then compare them with the string theory results to find the new contact terms of
the world-volume field theory. We will present the details of the calculations for scattering
with two tachyons. We begin by calculating the massless t-channel amplitude
A′t(τ, τ) = iS˜φG˜φV˜φτ1τ2 + i(S˜h)
µν(G˜h)µν
αβ(V˜hτ1τ2)αβ (17)
where we used the fact that in the bulk both dilaton and graviton couple to two tachyons.
Their corresponding vertex functions are derived from (15)
(V˜hτ1τ2)
µν = −2iκp(µ1 pν)2 + iκηµν(p1 ·p2 + 1)
V˜φτ1τ2 =
iκ√
2
. (18)
the dilaton and graviton sources and their corresponding propagators can also be derived
from (15)(they appear in [4]). Now substituting these into (17), one finds
A′t(τ, τ) = −iκ2Tp
(
1 + 2s
t
)
(19)
The first term above reproduces the t-channel massless pole of string amplitude (14). This
insures that the normalization of string amplitude (3) is consistent with normalization of
bulk action (15). Now, the s-channel amplitude corresponding to propagation of massless
open string on the D-brane world-volume can be evaluated as:
A′s(τ, τ) = V˜
i
τ1λ
G˜ijλ V˜
j
λτ2
where G˜ijλ = iN
ij/s is the scalar propagator, and the vertex function is derived from the
Taylor expiation of the first term in eq. (13)
V˜ jλτk =
κ
2
√
Tpp
j
k .
for k = 1, 2 and pjk is momentum of external tachyon. The s-channel amplitude then
becomes
A′s(τ, τ) = iκ
2Tp
p1ip
i
2
4s
. (20)
9
This amplitude reproduces the s-channel pole of (14). Hence, normalization of (13) is con-
sistent with (3) and subsequently with (15). Now subtracting these field theory amplitudes
(19) and (20) from (14), one finds
A(τ, τ)− A′t(τ, τ)− A′s(τ, τ) = −iκ2Tp
(
3
4
+O(p2)
)
A(τ, h)− A′t+1(τ, h)− A′s(τ, h) = −
iκ2Tp
2
(
ε2a
a +O(p2)
)
A(τ, φ)−A′t+1(τ, φ)−A′s(τ, φ) = −iκ2Tp
(
p− 3
4
√
2
+O(p2)
)
A(τ, c)− A′t(τ, c)−A′s(τ, c) = κ2TpO(p2)
A(c, c¯)− A′t+1(c, c¯)−A′s(c, c¯) = κ2TpO(p2)
Here we have listed the results for the other closed string modes as well. These contact
terms are reproduce in field theory by the following action
L = −κ
2Tp
2
(
τhaa +
p− 3
2
√
2
τφ +
3
4
τ 2 + · · ·
)
(21)
Now, it is not difficult to see that eqs. (13) and (21) are consistent with the following
generalized Born-Infeld action:
SτBI = −Tp
∫
dp+1σ Tr
g(κτ)e p−32√2κφ
√√√√−det(g˜ab − 2κb˜ab e− κ√2φ + 1√
Tp
fab e
− κ√
2
φ
)
 (22)
where the closed string tachyon coupling function is
g(κτ) = 1 +
1
2
κτ +
3
8
(κτ)2 + · · · (23)
and the dots represents possible higher order terms which can not be read from the scatter-
ing amplitudes considered in this paper. We refer the reader to [12] for details of expanding
the square root in eq. (22).
Now we give more evidence in support of eq. (22). We evaluate some more world-
volume interactions in the presence of constant background field and show that they are
consistent with the generalized Born-Infeld action (22). We consider constant background
Kalb-Ramond field and (or) constant gauge field strength, i.e., , F12 = −F21 ≡ F . We
begin with evaluating the world-volume coupling of one closed string tachyon and one
massless open string NS state. At the world-sheet level, this coupling is given by
Aτ,NSF ∼
∫
dxdzTr < V τ (p1,F , z1, z¯1)V NS(k2, ζ2,F , x2) >
10
Using the doubling trick, one may write the tachyon and the open string vertex operators
as
V τ (p1,F , z1, z¯1) = : V0(p1, z1) :: V−1(p1 ·DF , z¯1) :
V NS(k2, ζ2,F , x2) = ζ2 ·Gµ : V µ−1(k2 + k2 ·DF , x2) : T2
where Gab = (ηab+DabF )/2 for the gauge fields and Gij = N ij for scalar fields. And the DabF
is a diagonal matrix given in [13]. Performing the correlators above, one finds
Aτ,NSF ∼ ζ2 ·G ·p1Tr[T2] .
For the scalar and gauge states, it becomes
AF (τ, λ) ∼ ζ2ipi1Tr[T2]
AF(τ, a) ∼ f2abF
ab
1 + F2 Tr[T2]
First term above is reproduced by Taylor expansion of the linear tachyon in (22), and the
second term by expanding the square root in (22) around the background field[13]. This
gives evidence that the tachyon has linear coupling to the Born-Infeld terms. To show
that the tachyon has quadratic coupling to the Born-Infeld terms as well, we consider
scattering amplitude of two tachyon and one massless open string NS state with D-brane.
This amplitude is given by
Aτ,τ,NSF ∼
∫
dxd2z1d
2z2Tr < V
τ V τ V NS > .
We are not going to make efforts here to evaluate this amplitude explicitly. However, from
the Taylor expansion of the quadratic tachyon in (21), one may conclude that the scattering
amplitude above has the following contact term:
Aτ,τ,NSF ∼ (ζ3 ·G ·p1 + ζ3 ·G ·p2)Tr[T3] + · · ·
For the gauge fields, this amplitude becomes
AF(τ, τ, a) ∼ f3abF
ab
1 + F2 Tr[T3] + · · · .
Again this contact term is reproduced by the action (22). Hence two tachyons couple with
the entire Born-Infeld terms. This ends our evidences in support of the action (22).
5 Discussion
In this paper we have evaluated the amplitudes describing interaction of two closed string
tachyons, one tachyon and one massless state, and two different RR states with D-branes in
11
type 0 theories. We have also evaluated scattering amplitude of one closed string tachyon
and two massless open string states. We then examine these amplitudes in detail in order
to extract their world-volume couplings. We found that the tachyon dose not couple to
the RR fields on the D-branes. We have also found that the coupling of tachyon to other
massless fields can be described by some extension of the Born-Infeld action i.e., eq. (22).
Evaluation of bulk effective actions for tachyon based on on-shell scattering amplitudes
calculations is uncertain. This steam from the fact that it is hard to distinguish between τ 2
and τ∂µ∂
µτ , i.e., in the scattering amplitude it becomes p2 = 1. However, this is not the
case for the world-volume effective action. In this case, derivatives in the D-brane world-
volume and the transverse spaces, i.e., ∂a and ∂i, appear differing in the world-volume
action. Hence the effective action (22) is unambiguous.
From the tachyon coupling to the gauge and to the scalar fields in (13), one concludes
that this field couples with the 10-dimensional Yang-Mills theory reduced to the p + 1
dimensional world-volume. Hence the action (13) or (22) is consistent with the T-duality.
The extended Born-Infeld action (22) in terms of the standard normalized fields (i.e.,
2κτ = T and see [12] for other fields) and in the string frame is
S = −Tp
∫
dp+1σ g(T/2)e−Φ
√
−det(G˜ab + B˜ab + 2πℓsFab) .
From this action, one finds that the effective Yang-Mills coupling is4
1
g2YM
∼ (1 + T
4
+
3T 2
32
+ · · ·)e−Φ
This is consistent with the power expansion of the following function
1
g2YM
∼ e
−Φ√
1− T/2
It would be interesting to find cubic coupling of tachyon to the D-branes and see if it is
consistent with the above conjectured function.
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